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® Method and apparatus for taking gaseous samples from gas conduits. 



© In a method of taking gaseous samples from a 
gas conduit (1) through which an essentially gaseous 
flow is conducted, sample gas is withdrawn from the 
gas conduit (1) into a probe (2) inserted into the gas 
conduit Diluting gas is supplied to the sample gas in 
the probe through a supply line (4), whereafter the 
sample gas together with the diluting gas is with- 
drawn from the probe (2). The delivery of the diluting 
gas supplied to the probe is measured and/or con- 
trolled in the supply line (4) and the delivery of the 



sample gas together with the diluting gas withdrawn 
from the probe is measured and/or controlled in a 
location within a discharge line (6). On the basis of 
these deliveries the delivery of the sample gas is 
calculated. The sample gas diluted by the diluting 
gas is collected for analysis between the probe and 
the measure and/or control location in the discharge 
line (6). The invention also includes an apparatus for 
performing this method. 
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METHOD AND APPARATUS FOR TAKING GASEOUS SAMPLES FROM GAS CONDUITS 



The present invention relates to a method and 
apparatus for taking essentially gaseous samples 
from a gas conduit through which an essentially 
gaseous flow is conducted, wherein sample gas is 
withdrawn from the gas conduit be means of a 
probe connected to the gas conduit and is diluted 
by a diluting gas. 

The withdrawal of samples from gas flows, 
such as industrial exhaust gasses, is performed in 
many occassions to determine the contained con- 
centrations of gaseous contaminations or particles. 
By analysing the concentration of contaminations in 
a sample it is possible, when the total delivery flow 
and a possible dilution factor of the sample are 
known, to calculate an emission through a gas flow. 
This is a usual procedure for example in envi- 
ronmental management which becomes more and 
more important in society. 

In sampling it can be desirable to dilute the 
withdrawn sample gas, for instance to prevent the 
sample gas to condensate or to make the sample 
gas suited for an analysis device having a limited 
measuring range. 

Mixing sample gas and diluting gas may take 
place both in the probe and outside the sampled 
conduit. In the latter case it is mostly necessary to 
heat the lines. 

The main difficulties which may be encoun- 
tered involve condensation, calibration, sorption 
phenomena and adjustment problems. 

Condensation of substances from the sample 
gas flow often takes place in those parts of the 
sampling apparatus which are outside the sampled 
gas conduit, if the dilution is carried out outside 
this gas conduit Such parts should then be heated 
in order to avoid this condensation, which appears 
to be difficult in practice, not only concerning ex- 
ecution and manageability but also for control of 
the heat amount. 

Calibration of systems in which the dilution 
takes place within the probe may cause problems 
since the conditions during calibration often differ 
substantially from the conditions in the gas conduit 
to be sampled. These conditions may be extreme, 
for instance concerning temperature and pressure. 

Sorption phenomenon may disturb sampling 
because adsorption or desorption of components to 
the fixed parts of the apparatus lead to an un- 
derestimation or overestimation of the concentra- 
tion of these components in the sample. These 
effects, also called memory-effects, especially play 
a role if components in low concentrations are 
studied. This is for example a big problem in 
investigations to smell concentrations, wherein the 
smell is often caused by mixtures in which traces 



of substances in extremely low concentrations are 
responsible for the smell. Sorption often occurs 
with measuring or control means placed within the 
sample flow and having a large specific contact 

5 area as well as in long lines. 

A disadvantage of conventional apparatus is 
further that these are not directly suited for static or 
batch sampling, in which the sampling flow is con- 
ducted into a container having a finite volume, such 

10 as a sampling bag. In discontinuous use starting 
effects often play a disturbing roll in said appara- 
tus, which prevent the determination of the even- 
tual dilution factor. 

In the conventional apparatus also problems 

75 often occur in the adjustment of parameters deter- 
mining the operation as a consequence of the 
complexity of these adjustments and the difficult 
circumstances under which operators should re- 
alize these adjustments during sampling. 

20 It is the object of the present invention to 

provide an improved method and apparatus in or- 
der to prevent or remove the disadvantages men- 
tioned above. 

For this purpose the invention proposes a 

25 method of taking essentially gaseous samples from 
a gas conduit through which an essentially gaseous 
flow is conducted, wherein sample gas is with- 
drawn from the gas conduit into a probe inserted 
into the gas conduit, while diluting gas is supplied 

30 to the sample gas in the probe through a supply 
line, whereafter the sample gas together with the 
diluting gas is withdrawn from the probe, the deliv- 
ery of the diluting gas supplied to the probe being 
measured and/or controlled in the supply line and 

35 the delivery of the sample gas together with the 
diluting gas withdrawn from the probe being mea- 
sured and/or controlled in a location within a dis- 
charge line and on the basis of these deliveries the 
delivery of the sample gas being calculated, and 

40 the sample gas diluted by the diluting gas is col- 
lected for analysis between the probe and the 
measure and/or control location in the discharge 
line. 

Further, the invention proposes an apparatus 
45 for taking essentially gaseous samples from a gas 
conduit through which an essentially gaseous flow 
is conducted, by using the method described 
above, comprising a probe inserted into the gas 
conduit for withdrawing sample gas from the gas 
so conduit; a supply line connected to the probe and 
adapted to supply a known diluting gas to the 
probe; measuring and/or control means in said 
supply line for measuring and/or controlling the 
delivery of the diluting gas supplied to the probe; a 
discharge line connected to the probe and adapted 
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to withdraw the sample gas and the diluting gas 
from the probe; measuring and/or control means in 
the discharge line for measuring and/or controlling 
the delivery of the sampling gas and diluting gas 
withdrawn from the probe; calculating means con- 
nected to the measuring and control means for 
calculating the delivery of the sample gas with- 
drawn from the probe on the basis of said deliv- 
eries; collecting means for collecting the diluted 
sample gas for analysis, which collecting means is 
connected to the discharge line between the probe 
and the measuring and/or control means. 

According to the invention it is possible to 
accurately collect the sample gas together with any 
contained contaminations or the like for analysis 
without disturbances. Then, in the first place con- 
densation of the sample gas is prevented because 
the dilution already takes place within the probe, 
preferably within the circumscription of the gas 
conduit, with which the dew point of the sample 
gas flow can be lowered to such an extent that also 
when samples are taken from warm humid exhaust 
gas flows, even without heating facilities, condensa- 
tion does not occur when the sample gas is with- 
drawn from the gas conduit. Further, according to 
the invention adsorption and desorption are 
counter-acted to a maximum because the measur- 
ing and/or control means are displaced outside the 
sample flow from the probe to the collecting means 
so that it is also possible to quantitively sample 
components in extremely low concentrations. Since 
the measuring and/or control means are provided 
outside the gas conduit it is enabled to produce an 
adjustable dilution of the sample gas in a very well 
reproducible manner, without essential influence of 
disturbing parameters encountered in the practice 
of sampling, such as high temperatures, deviating 
or varying pressure etc., so that calibration can 
take place outside the scope of the sampling op- 
eration. 

In case it is desired to sample the gas conduit 
continuously, the collecting means is preferably a 
through-flow analysis device for directly analysing 
the sample. 

On the other hand the apparatus according to 
the invention can be adapted to provide for static 
or batch sampling, wherein the collecting means is 
preferably a sampling container such as an ex- 
pandable and compressible sample bag, positioned 
within a vessel communicating with the part of the 
discharge line incorporating the measuring and 
control means, a memory of the calculating means 
including a mathematical model containing the dy- 
namic behaviour of the sampling apparatus. 

In this manner it is possible, also with batch 
sampling in which the limited volume of the sam- 
pling container causes the development of start 
and stop phenomena at the beginning and end of 



the suction period, to realize an accurate deter- 
mination of the dilution factor of the sample, or the 
amount of collected sample gas respectively, be- 
cause, by means of the mathematical model, these 
5 start and stop phenomena can be discounted in 
accordance with measured or calculated knowledge 
on the dynamic behaviour of the sampling appara- 
tus. 

According to a special embodiment of the ap- 

w paratus according to the invention the discharge 
line is divided into a plurality of discharge line 
branches each comprising a collecting means and 
a measuring and/or control means. 

in this manner it is possible to take different 

75 samples simultaneously, wherein for each sample 
the volume or the delivery of the respective sample 
gas can be determined accurately. 

it is also possible to provide the discharge line 
or one of the discharge line branches with a shunt. 

20 As a result thereof it is enabled to effect with 

simple means an accurate distribution of the flow of 
sample gas and diluting gas over the separate 
branches in the discharge line. 

Further it is possible that the measuring and/or 

25 control means of one of the discharge line 
branches is a controlled suction means adjusted 
such that a delivery can be sucked which is negli- 
gible small with respect to the delivery through the 
other discharge line branch or branches. 

30 According to the invention it is enabled to 

make the probe very simple without having restric- 
tions, so that contamination of the probe, or even 
clogging, is reduced. As a result of the simple 
construction the probe can be constructed such 

35 that the exchange and cleaning thereof can be 
performed easily and even when the probe is ex- 
changed there are no measuring and/or control 
means involved. In a possible embodiment the 
probe may consist of a piece of tubing having an 

40 open end positioned within the gas conduit, for 
example. Herein it is preferred that the supply line 
for the diluting gas extends at least partially axiaily 
within the tubing piece in the direction to the open 
end thereof and opens into the probe at a distance 

45 from this open end, but within the circumscription 
of the gas conduit, the discharge line being con- 
nected to the probe near the opposite closed end. 

In this manner the diluting gas is supplied to 
the probe within the circumscription of the gas 

50 conduit, and also a proper mixing of the sample 
gas with the diluting gas may take place within the 
probe. 

The invention will hereafter be elucidated with 
reference to the drawing showing a number of 
55 embodiments of the invention by way of example. 

Fig. 1 is a schematic diagram of a first embodi- 
ment of the apparatus for taking samples from a 
gas conduit, which is suited for continuous sam- 
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pling. 

Fig. 2 is a schematic diagram of a further em- 
bodiment of the apparatus for taking samples 
from a gas conduit, which is suited for batch 
sampling. 

Fig. 3 is a schematic diagram of yet another 
embodiment of the apparatus for taking samples 
from a gas conduit, which is suited for taking 
different samples simultaneously. 
In the several figures like reference numerals 
are used for like parts. 

Fig. 1 shows a first embodiment of an appara- 
tus for continuously sampling a gas conduit 1 , 
through which a gaseous flow possibly containing 
contaminations is conducted, of which the emission 
should be determined. 

The apparatus includes a probe 2 constructed 
as a straight tubing closed on one end and having 
an opposite open end 3 passed through the wall of 
the gas conduit 1 to be sampled and projecting a 
distance into the interior thereof. A tube-shaped 
supply line 4 supplies a flow Vi of clean dry 
medium controlled by a mass flow regulator 5 and 
serving as diluting gas. The supply line 4 passes 
through the closed end of the probe 2 and extends 
internally up to about 2/3 of the axial length of the 
probe and opens into the probe 2 in a location 
within the circumscription of the gas conduit 1. A 
tube-shaped discharge line 6 connects to the probe 
2 near the closed end thereof and extends up to an 
analysis device 7 adapted to continuously analyse 
the diluted sample supplied by the discharge line 
6. To the analysis device 7 connects a further 
discharge line 8 such that the flow V 2 of sample 
gas and the diluting gas from the probe 2 may flow 
from the discharge line 6 to the discharge line 8 
through the analysis device 7. Within the discharge 
line 8 is received a mass flow regulator 9, and to 
the end of the discharge line a vacuum pump 11 is 
connected effecting the withdrawal of sample gas 
and diluting gas from the probe. 

The operation of the apparatus of fig. 1 is as 
follows. 

From a source not shown a flow of diluting gas 
having a delivery Vi and being accurately con- 
trolled by the mass flow regulator 5 is supplied to 
the probe 2 through the supply line 4. Simulta- 
neously a flow of sample gas and diluting gas 
having a delivery V2 is withdrawn from the probe 2 
by the vacuum pump 10 and is conducted through 
the discharge line 6 to the analysis device 7 and 
then to the mass flow regulator 9. This mass flow 
regulator 9 accurately controls the delivery V2 and 
is adjusted such that the delivery V2 of the gas 
flow withdrawn from the probe 2 is greater than the 
delivery Vi of the flow of diluting gas from the 
supply line 4, so that the flow of diluting gas in the 
probe 2 should be supplemented with a quantity of 



sample gas withdrawn from the gas conduit 1 
through the probe 2. The delivery of the flow of 
sample gas withdrawn from the gas conduit 1, V3, 
is equal to the difference of the deliveries V2 and 

5 Vi. As the deliveries Vi and V2 are known in an 
accurate manner through the mass flow regulators 
5 and 9 it is possible to calculate the delivery V 3 , 
for instance by means of a computer (not shown) 
connected to the mass flow regulators 5 and 9. 

10 With this information it is also possible to calculate 
the dilution factor of the sample, which is defined 
by: 



15 V 2 V 2 

dilution factor= — = 

V 3 (V 2 -V 1 ) 

20 With this dilution factor the values for the dilut- 

ed sample measured by the analysis device 7 are 
converted to values of the undiluted sample with 
which the emission values of the gaseous flow 
through the gas conduit 1 are known. 

25 Fig. 2 shows a modified embodiment of the 

apparatus of fig. 1 which is adapted for batch 
sampling. For this purpose the discharge line 6 
communicates with a sampling bag 11 positioned 
within a vessel 12 in accordance with the so called 

30 "bag-in-bottle" principle. To the vessel 12 connects 
the discharge line 8 incorporating the mass flow 
regulator 9 and the vacuum pump 10. 

The operation of this apparatus is essentially 
similar to that of fig. 1 wherein, however, the vacu- 

35 urn pump 10 does not directly withdraw sample 
gas and diluting gas from the probe 2, but sucks 
gas from the vessel 12 with a delivery of V 2 , 
thereby expanding the bag and withdrawing sample 
gas and diluting gas with equal delivery V 2 from 

40 the probe 2 through the discharge line 6 until the 
sample bag 11 is filled sufficiently. Due to the 
limited volume of the sampling bag 11 the sam- 
pling operation in this manner causes the develop- 
ment of start and stop phenomena at the beginning 

45 and end of the suction period of the vacuum pump 
10. These phenomena are discounted in accor- 
dance with measured or calculated knowledge of 
the dynamic behaviour of the sampling apparatus 
by means of a mathematical model, for example 

50 stored in a computer which also has the values of 
the deliveries Vi and V 2 during the suction period 
as input. In this manner the delivery V3 of the flow 
of sample gas from the gas conduit 1, and the 
eventually obtained dilution factor, respectively, can 

55 be determined in an accurate way. 

Fig. 3 shows an embodiment of a more com- 
plete apparatus for sampling the gas conduit 1 with 
which several samples can be taken simultaneous- 



4 



7 



EP 0 429 143 A1 



8 



ly and which comprises control means to control 
the flows to the separate sampling means. 

The apparatus includes in the embodiment 
shown by way of example besides the sampling 
bag 7 an adsorption tube 13 adapted to adsorb 
substances from the sample gas for analysis pur- 
poses. For this purpose the discharge line 6 is 
branched such that one branch leads to the sam- 
pling bag 7 and the other branch to the adsorption 
tube 13. The sampling bag 11 and the adsorption 
tube 13 are hence in parallel connection. 

In the embodiment of fig. 3 a pump 14 con- 
nects to the supply line 4 for diluting gas, the 
pump 14 being adapted to suck diluting gas from a 
connection 15 through a filter 16. Between the 
pump 14 and the probe 2 are incorporated a mass 
flow regulator 17, an active carbon filter 18 and a 
connection 19. With these a ciean, controlled flow 
of diluting gas can therefore flow to the probe 2. 

The discharge line 8 from the vessel 12 con- 
nects to a container 20, and in the line are incor- 
porated another connection 21, a filter 22 and a 
mass flow regulator 23. 

To the adsorption tube 13 connects a dis- 
charge line 24 comprising a connection 25, a filter 
26 and a mass flow regulator 27 and thereafter 
communicating with the container 20, To the con- 
tainer 20 connects a vacuum pump 28 adapted to 
create a vacuum within the container 20 and to 
blow-off gas through a connection 29. The con- 
tainer 20 also includes an external vacuum connec- 
tion 30 which is mostly closed by a small plug 31. 

The supply line 4 and the discharge line 8 are 
connected on a location between the mass flow 
regulator 17 or 23, respectively, and the probe 2, 
or the container 12, respectively, by means of a 
connection line having a valve 32. 

The pumps 14 and 28, the mass flow regula- 
tors 17, 23 and 27 and the valve 32 are connected 
with a micro-processor 33 containing a programme 
in which the steps of the sampling operation and 
the storage of all measuring values are registered. 
The computer further communicates with a display 
34, a key board 35 and an external connection 36 
for communication with any other computer. 

The operation of the apparatus according to fig. 
3 is as follows. 

Diluting gas is sucked by the pump 14 from 
the connection 15 through the filter 16 and is 
supplied to the probe 2, wherein the mass flow 
regulator 17 accurately controls the delivery Vi of 
diluting gas. The pump 28 creates an underpres- 
sure in the container 20, thereby withdrawing sam- 
ple gas and diluting gas from the probe 2, which 
flow is distributed to the sampling bag 11 and to 
the adsorption tube 13. The distribution of flows to 
the sampling bag 11 and the adsorption tube 13 
depends on the adjustment of the mass flow regu- 



lators 23 and 27, wherein the sum of the deliveries 
through the mass flow regulators 23 and 27 is 
equal to the delivery of the sample gas and the 
diluting gas withdrawn from the probe 2. The dilut- 

5 ing factor, the total quantity of sample gas of the 
sample taken, the volume of the diluted sample in 
the bag 11 and the delivery through the adsorption 
tube 13 can be calculated by the micro processor 
33 on the basis of the measurement of the deliv- 

70 eries through the mass flow regulators 17, 23 and 
27 and the sampling period. When samples are 
taken the work of the operator can be limited to a 
maximum extent by storing adjustments and proce- 
dures into algoritms controlling the sampling opera- 

15 tion. 

The apparatus can be controlled such that prior 
to the start of the sampling operation the sampling 
bag 11 is pressed empty. For this purpose the 
valve 32 is opened, while the mass flow regulator 

20 17 causes a maximum passage of the flow of 
diluting gas supplied by the pump 14, and the 
mass flow regulators 23 and 27 are adjusted such 
that the flow therethrough is zero. At the start of the 
sampling operation the underpressure does not 

25 prevail instantly in the discharge line 6 as a result 
of the resistances and capacities of the parts of the 
apparatus through which gas flows. Due thereto the 
diluting factor is not constant during some period. 
In order to be able to calculate the total dilution 

30 factor in static or batch sampling operations, this is 
overcome by sucking only diluting gas during the 
period in which the underpressure is stabilized 
within the sampling bag 11. This can be obtained 
when the delivery of the flow through the mass flow 

35 regulator 17 is greater than the delivery of the flow 
through the mass flow regulator 23. The similar 
procedure is followed at the end of the sampling 
operation when the sampling bag 11 becomes at- 
mospheric again. As these start and stop flows can 

40 be calculated it is also possible to calculate the 
total dilution factor. 

From the above it will be clear that the inven- 
tion provides an apparatus and method for sam- 
pling a gas conduit, wherein condensation and ad- 

45 and desorption of the sampling gas is prevented, 
calibration of the apparatus is redundant and a very 
accurate reproducible automatically controlled sam- 
pling operation is possible. 

The invention is not restricted to the embodi- 

50 ment described herein before and shown in the 
drawing by way of example which can be varied in 
different manners within the scope of the invention. 

55 Claims 

1. Method of taking essentially gaseous samples 
from a gas conduit through which an essentially 
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gaseous flow is conducted, wherein sample gas is 
withdrawn from the gas conduit into a probe in- 
serted into the gas conduit, while diluting gas is 
supplied to the sample gas in the probe through a 
supply line, whereafter the sample gas together 
with the diluting gas is withdrawn from the probe, 
the delivery of the diluting gas supplied to the 
probe being measured and/or controlled in the sup- 
ply line and the delivery of the sample gas together 
with the diluting gas withdrawn from the probe 
being measured and/or controlled in a location 
within a discharge line and on the basis of these 
deliveries the delivery of the sample gas being 
calculated, and the sample gas diluted by the dilut- 
ing gas is collected for analysis between the probe 
and the measure and/or control location in the 
discharge line. 

2. Apparatus for taking essentially gaseous sam- 
ples from a gas conduit through which an essen- 
tially gaseous flow is conducted, by using the 
method according to claim 1, comprising a probe 
inserted into the gas conduit for withdrawing sam- 
ple gas from the gas conduit; a supply line con- 
nected to the probe and adapted to supply a 
known diluting gas to the probe; measuring and/or 
control means in said supply line for measuring 
and/or controlling the delivery of the diluting gas 
supplied to the probe; a discharge line connected 
to the probe and adapted to withdraw the sample 
gas and the diluting gas from the probe; measuring 
and/or control means in the discharge line for mea- 
suring and/or controlling the delivery of the sam- 
pling gas and diluting gas withdrawn from the 
probe; calculating means connected to the measur- 
ing and control means for calculating the delivery 
of the sample gas withdrawn from the probe on the 
basis of said deliveries; collecting means for col- 
lecting the diluted sample gas for analysis, which 
collecting means is connected to the discharge line 
between the probe and the measuring and/or con- 
trol means. 

3. Apparatus according to claim 2 for continuously 
sampling the gas conduit, wherein the collecting 
means is a through-flow analysis device for directly 
analysing the sample; 

4. Apparatus according to claim 2 for static or 
batch sampling, wherein the collecting means is a 
sampling container, such as an expandible and 
compressible sample bag, positioned within a ves- 
sel communicating with the part of the discharge 
line incorporating the measuring and control 
means, a memory of the calculating means includ- 
ing a mathematical model containing the dynamic 
behaviour of the sampling apparatus. 

5. Apparatus according to one of claims 2-4, 
wherein the discharge line is divided into a plurality 
of discharge line branches each comprising a col- 
lecting means and a measuring and/or control 



means. 

6. Apparatus according to one of claims 2-4, 
wherein the discharge line comprises a shunt. 

7. Apparatus according to claim 5, wherein the 
5 measuring and/or control means of one of the 

discharge line branches is a controlled suction 
means adjusted such that a delivery can be sucked 
which is negligible small with respect to the deliv- 
ery through the other discharge line branch or 
10 branches. 

8. Apparatus according to one of claims 2-7, 
wherein the probe is a tubing piece having an open 
end positioned within the gas conduit. 

9. Apparatus according to claim 8, wherein the 
rs supply line for the diluting gas extends at least 

partially axially within the tubing piece in the direc- 
tion to the open end thereof and opens into the 
probe at a distance from this open end, but within 
the circumscription of the gas conduit, the dis- 
20 charge line being connected to the probe near the 
opposite closed end. 

10. Apparatus according to one of claims 2-9, 
wherein a pump connects to the supply line and to 
the discharge line, said pump being adapted to 

25 supply diluting gas to the probe, or withdraw sam- 
ple gas and diluting gas from the probe, respec- 
tively. 

11. Apparatus according to one of claims 2-10, 
wherein the measuring and/or control means com- 

30 prises mass flow regulators. 
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